ABSTRACT. Although the susceptibility of dermatophytes to antifungal drugs is well documented in humans, the effectiveness in animals has not been previously investigated. The in vitro susceptibility of 54 clinical isolates from animal dermatophytoses to ketoconazole (KTZ), itaconazole (ITZ) and terbinafine (TFN) was measured using microdilution assay (CLSI M38-A2 test) and by the E-test (KTZ and ITZ). All 3 drugs showed antifungal activity, while KTZ displayed the broadest minimum inhibition concentration (MIC) range (0.125-16 µg/ ml) against M. canis and M. gypseum. The MIC of KTZ and ITZ was almost the same for human and animal isolates of T. mentagrophytes and T. rubrum. The MIC of TFN was almost the same for dermatophytes isolated from humans and animals. KEY WORDS: azole, dermatophyte, drug susceptibility, terbinafine.
Dermatophytosis is a superficial cutaneous infection with one of several keratinophilic fungi. The great majority of canine and feline dermatophytoses are caused by Microsporum canis, Trichophyton mentagrophytes and Microsporum gypseum [8] . Canine and feline dermatophytosis is most commonly treated with systemic antifungal drugs such as griseofulvin (GFV), ketoconazole (KTZ), itaconazole (ITZ) and terbinafine (TFN) [4, 8, 11] . However, while the antifungal susceptibility of clinical isolates from human dermatophytoses is well documented, the susceptibility of isolates from animal dermatophytoses has not been adequately investigated. It is important to investigate the antifungal susceptibility of clinical isolates from animal dernatophytoses, as Deboer and Moriello indicated that therapeutic failure in cases of dematophytosis might be caused by failure of compliance, incorrect dosing, or fungal resistance to drugs [11] .
The Clinical and Laboratory Standards document CLSI M38-A2 [7] is the gold standard of susceptibility tests for dermatophytes, but they are time consuming to conduct in the clinical setting [6] . The E-test is readily available and is methodologically easier for determining antifungal susceptibility testing of yeasts and molds [10] . However, specific test conditions for the E-test, including the appropriate medium for the test, are required to correctly assay the susceptibility of dermatophytes to antifungal drugs.
In the present study, the in vitro susceptibility of clinical isolates of dermatophytes to KTZ, ITZ and TFN was investigated using the CLSI M38-A2 test and the E-test.
A total of 54 clinical isolates from dermatophytoses in small animals in Japan were examined (Table 1) . These animals had not been treated with anti-fungal treatments before the collection of clinical isolates. The isolates were identified by internal transcribed spacer (ITS) region analysis as well as by traditional macroscopic and microscopic findings [10] . The isolates were maintained on diluted Sabouraud's glucose agar [10] and then subjected to antifungal susceptibility tests. The isolates were subcultured on potato dextrose agar at 27°C for 2 weeks to ensure the viability and purity of the inoculum. The broth microdilution assay for susceptibility testing of dermatophytes to antifungal drugs (KTZ, ITZ and TFN) was performed according to CLSI M38-A2 guidelines [7] . The minimum inhibition concentration (MIC) was determined after a 72-hr incubation at 27°C. For the azole agents, MIC was defined as the lowest concentration that induced prominent inhibition of growth (approximately 80% inhibition), while it was defined as the lowest concentration showing 100% growth inhibition for TFN [3] . Each isolate was tested three times on separate occasions.
The MIC ranges of KTZ and ITZ for the reference strains of Candida parapsilosis (ATCC22019) and C. krusei (ATCC 6258) were within the value ranges standardized by CLSI M38-A2 [7] . The MIC ranges of KTZ and ITZ for these reference strains were within the value ranges standardized by CLSI M38-A2 [7] .
Antifungal susceptibility testing was also performed using E-test gradient strips for KTZ and ITZ, available from AB Biodisk (Solna, Sweden). Stock inoculum suspensions were prepared as described in the E-test Technical Guide 10 [1] . MIC was determined after a 4-day incubation at 27°C. E-test MIC was determined as the lowest drug concentration at which the border of the elliptical inhibition zone intercepted the scale on the antifungal strip. Each isolate was tested three times on separate occasions.
The MIC ranges for concentrations 50% inhibition (MIC 50 ) and 90% inhibition (MIC 90 ) of isolates by the CLSI M38-A2 test and E-test are summarized in Table 2 . In general, all drugs showed antifungal activity, although KTZ displayed the broadest MIC range (0.125-16 µg/ml) against M. canis and M. gypseum. MIC decreased in the order KTZ, ITZ, and TFN for all dermatophyte species examined. These results indicate that TFN is the most effective drug against dermatophytes in animals.
The relationships of MIC of the 3 drugs in the 4 dermatophyte species were analyzed between the CLSI M38-A2 test and the E-test using the Pearson product-moment correlation coefficient (Excel Statistical Program File ystat2002; Igaku Tosho Shuppan, Tokyo, Japan). The E-test was confirmed to be suitable for antifungal susceptibility testing of dermatophytes to ITZ (r=0.75). However, the results for KTZ showed a weak correlation between the CLSI M38-A2 and E-tests.
The MIC 50 and MIC 90 of KTZ, ITZ and TFN against human and animal isolates by the CLSI M38-A2 test are summarized in Table 3 . The MIC of KTZ, ITZ and TFN was almost the same for the human and animal isolates of T. mentagrophytes and T. rubrum. However, the MIC of KTZ and ITZ was higher for the animal isolates of M. canis than the human isolates. Some animal isolates of M. canis showed low susceptibility to KTZ and ITZ, which may be one of the reasons for therapeutic failure.
The reason for the low susceptibility against azoles is unclear. Azoles target fungal ergosterols, which have structures that differ among species. These differences might be related to the varied affinity with different azoles.
T. mentagrophytes is a cosmopolitan dermatophyte that is most commonly isolated from humans and animals. It is epidemiologically divided into two distinct forms: zoophilic and anthropophilic [10] . Animal isolates of T. mentagrophytes have been identified as Arthroderma benhamiae, A. simii and A. vanbreuseghemii [10] , and the other isolates are genetically related to A. vanbreuseghemii, as determined by ITS region analysis [9] .
In the present study, the animal isolates of the T. mentagrophytes complex were divided into A. benhamiae-and A. vanbreuseghemii-related genotypes of T. mentagrophytes by ITS region analysis (data not shown). Furthermore, the MIC of KTZ and ITZ was almost identical for these animal isolates. 
